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Post-embryonic Development of the Seminal Vesicle in the Stingless Bee Melipona 
quadrifasciata Lepeletier, 1836 (Apidae: Meliponini)
Introduction
The male reproductive tract of insects has a pair of 
testes connected to an ejaculatory duct via two vasa deferentia 
(Snodgrass, 1935). In many insects, including those of the 
order Hymenoptera, there are regions termed seminal vesicles 
along the vasa deferentia, modified for spermatozoa storage. 
Accessory glands connect to the vasa deferentia or near the 
ejaculatory duct. The number of accessory glands may differ 
among species (Baer et al., 2000; Chapman, 2013). 
The seminal vesicle is mesodermal in origin and consists 
of dilated portions of vasa deferentia (Chapman, 2013). In 
eusocial honeybees, the seminal vesicle is an elongated 
tube (Cruz-Landim & Cruz-Höfling, 1969; Sawarkar & 
Tembhare, 2014), whereas in stingless bees (Meliponini), it 
is spherical (Dallacqua & Cruz-Landim, 2003; Cruz-Landim, 
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2009). In Meliponini, newly emerged males have empty 
seminal vesicles with epithelial cells characterized by apical 
microvilli and collapsed lumen, whereas in sexually mature 
males, the seminal vesicle is filled with spermatozoa with a 
cubic epithelium (Lima et al., 2006).
The male accessory glands in bees are structures of 
mesodermic origin and open into the ejaculatory duct, releasing 
compounds that are transferred into the female together with 
spermatozoa during mating (Chen, 1984; Gillot, 1988, 2003). 
The accessory glands are already formed in newly emerged 
adult insects and their activity increases during the first days 
of emergence in the adult insect (Chapman 2013, Xu et al., 
2015). In bees, accessory gland secretions are proteins, but can 
also include carbohydrates and lipids (Blum et al., 1962; Blum 
et al., 1967; Chen, 1984; Baer et al., 2000; Boomsma et al., 
2005; Colonello & Hartfelder, 2005; Gorshkov et al., 2015). 
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This secretion affects female reproductive biology after 
mating, including protection, storage and activation of sperm, 
sperm competition, responsiveness inhibition, and fecundity 
enhancement (Fausto et al., 2000; Baer & Boomsma, 2004). 
Stingless bees are particularly interesting, because male 
accessory glands are absent (Ferreira et al., 2004), suggesting 
that the epithelial cells of seminal vesicles, vasa deferentia or 
the ejaculatory duct play a role in the secretion of compounds 
to form sperm (Dallacqua & Cruz-Landim, 2003; Araújo et al., 
2005). It has been shown (Dallacqua & Cruz-Landim, 2003; 
Brito et al., 2010) that the epithelial cells of the seminal vesicle 
Melipona bicolor Lepeletier, 1938 have secretory activity.
This study describes the post embryonic development 
of the seminal vesicle in Melipona quadrifasciata Lepeletier, 
1836, providing further evidence that seminal vesicles, in 
substitution for male accessory glands, produce compounds 
in stingless bees.
Materials and Methods
Male pupae and adults of M. quadrifasciata were 
obtained from three colonies kept at Apiário Central (“Central 
Apiary”), Universidade Federal de Viçosa (Viçosa, MG, Brazil). 
Brood combs were transferred to laboratory at 28 oC and five 
individuals of each white-eyed pupae (WEP), pink-eyed pupae 
(PEP), brown-eyed pupae (BwP) and black-eyed pupae (BlP), 
were collected from brood cells with forceps. The newly 
emerged males (n=5) were collected immediately after emerging 
from the brood cells. Sexually mature males (n=5) were collected 
15 days after emerging from the brood cells. Vouchers specimens 
were deposited in the entomological collection of Apiário 
Central-Universidade Federal de Viçosa (UFV).
Males were dissected in presence of 0.1 M sodium 
phospate buffer pH 7.6 (PBS) and the reproductive tracts 
transferred to Zamboni’s fixative solution (Stefanini et al., 
1967) for 4 h. After washing in PBS, samples were dehydrated 
in a graded ethanol series (70, 80, 90, 95o) and embedded in 
JB-4 historesin. Tissue seccions of 2 μm thin were obtained 
from the Leica RM2255 Rotary Microtome and were stained 
with hematoxylin and eosin. 
To characterize the biochemical composition of the 
luminal contents of the vesicles, some tissue sections were 
submitted to the following histochemical tests: PAS for glycogen 
and neutral carbohydrates (Junqueira & Junqueira, 1983); Alcian 
blue pH 2.5 for glucoproteins; Nile blue for lipids and Mercury 
bromophenol blue for total proteins (Bancroft & Gamble, 2008). 
All sections were examined in Zeiss Primo Star light microscopy.
Results
The seminal vesicle of M. quadrifasciata is a paired 
spherical structure found in all pupal stages. It has an enlarged 
lumen lined by a single layer of columnar cells in all pupal stages 
and in newly emerged males (Fig 1a-g). In the adult males the 
epithelium becomes cubic (Fig 2). All stages are presents onto 
a thin basal membrane followed by thin muscle layer (Figs 1,2).
Fig 1. Histology of the seminal vesicles of pupae and adult males of Melipona quadrifasciata. (a-d) White-eyed pupae (WEP). (a) WEP with 
wide lumen. (b) clear areas in the basal cell region (dashed rectangle). (c-d) positive PAS reaction in the basal region of the epithelium (asterisks) 
and lumen (arrow) of the vesicle of the WEP. (e-g) Pink-eyed pupae as seen for the WEP seminal vesicles. Abbreviations: (ep) seminal vesicle 
epithelium, (L) seminal vesicle lumen, (n) nuclei, (m) muscular sheath, (pov) post vesicular deferent duct. Scale bar = 20µm.
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Hematoxylin-eosin staining (Fig 1a) revealed that the 
epithelial cells of seminal vesicles have nuclei in the median 
cell portion, whereas the basal cell portion presents clear areas 
(Fig 1b), which shows a positive PAS reaction (Fig 1c,d). 
The clear areas in the basal cell portion increased in size with 
advancement of pupal development (Fig 1d, 2a). However, 
in both newly emerged and sexually mature adult males, the 
epithelial cells of the seminal vesicles were uniformly stained 
(Fig 2d,h), although in mature males the cells were cubical 
(Fig 2h). In newly emerged males, the seminal vesicles 
showed an amorphous luminal content (Fig 2d-g).
The clear basal cell region of the seminal vesicle 
epithelium was strongly positive for PAS test showing the 
presence of neutral carbohydrates in all pupal stages (Figs 
1c,d,f,g, 2b,c,g). The luminal content of the seminal vesicle 
was PAS-positive in white-eyed pupae (Fig 1c, d). In pink-eyed 
pupae, the apical surface of the seminal vesicle epithelium 
had PAS-positive granules (Fig 1e-g). In brown-eyed pupae, 
carbohydrates were stored throughout the cell cytoplasm of 
the seminal vesicle (Fig 2b-c,g). In the black-eyed pupae, the 
amount of carbohydrates stored was higher in the basal cell 
region (Fig 2 c) and lumen. Small lipid droplets (Fig 2 e) were 
Fig 2. Histology of the seminal vesicles of pupae and adult males of Melipona quadrifasciata. (a) detail of the columnar epithelium of the Brown-
eyed pupae (BwP). (b) seminal vesicle of the BwP. (c) Black-eyed pupae (BlP). The asterisks indicate the carbohydrates in cytoplasm of the cells 
in the basal region of the epithelium. (d) vesicle of the newly emerged male with secretion in the lumen. (e) lipid droplets (arrow) of uniform size 
in the apical portion of the epithelium. (f-g) Sexually mature male. (f) seminal vesicle showing the luminal region (L) filled with sperm and, the 
cubic epithelium (ep). (g) The PAS-positive granules involve the spermatozoa bundles (arrow) in seminal vesicle luminal region. Scale bar = 20µm.
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found in the apical cell region of the seminal vesicle epithelium 
of brown and black-eyed pupae. Protein content was found in all 
cells of the seminal vesicle, but not stored in secretory granules.
In newly emerged males, the cells of the seminal vesicle 
were PAS-positive (Fig 2d, e), whereas in sexually mature 
ones, when the seminal vesicle was filled with spermatozoa, 
the epithelial cells did not possess neutral carbohydrate 
storage (Fig 2f), despite the presence of PAS-positive 
granules in the lumen of the seminal vesicle (Fig 2g). These 
granules were found to be associated with the luminal content 
of the vesicle along with the spermatozoa bundles (Fig 2g). 
The main changes in the epithelium of seminal vesicles of M. 
quadrifasciata during the pupal development and after adult 
emergence are summarized in the Table 1.
Discussion
The histology of the seminal vesicle was similar along 
the entire pupal stage of M. quadrifasciata. It suggests that 
the differentiation of this region of the male reproductive tract 
occurs in early white-eyed pupae. In fact, spermatogenesis 
in stingless bees begins during the pupal stage (Cruz-
Landim & Dallacqua, 2002) and the spermatozoa storage 
organ should be functional during this developmental stage. 
The seminal vesicle of M. quadrifasciata pupae is enlarged 
and filled with amorphous content, like that in Melipona 
mondury Smith, 1863 (Lima et al., 2006), contrasting with 
narrow and empty lumen of seminal vesicles of newly 
emerged males of Scaptotrigona xanthotricha Moure, 1950 
(Araujo et al., 2005) and Friesella schrottkyi (Friese, 1900) 
(Brito et al., 2010). 
Our histochemical tests show the presence of 
glucoconjugates in the epithelial cells of the seminal vesicles 
of pupae and newly emerged males, but its absence in mature 
ones. In the latter, glucoconjugates occur associated with 
spermatozoa bundles in the seminal vesicle lumen, suggesting 
that these compounds are produced during the pupae stage 
and released to the seminal vesicle. In mature males of other 
Meliponini species, it has been reported that glycoprotein 
coating spermatozoa bundles into the seminal vesicle (Moreira 
et al., 2004; Cruz-Landim, 2009). 
The presence of lipid droplets in the apical region of the 
seminal vesicle epithelium in late black-eyed pupae suggests that 
this compound may be used for spermatozoa maintenance during 
storage in adult. Fatty acids are found in male accessory glands 
in bumblebees (Baer et al., 2000). Because secretions of male 
accessory glands are released during insect mating and transferred 
together with spermatozoa to the female (Colonello & Hartfelder, 
2005; den Boer et al., 2009, 2015), compounds similar to those 
produced in these glands may be synthesized in the seminal vesicle 
of stingless bees. Tozetto et al. (2007) pointed out an increase in 
the protein content in the seminal vesicle of late pupae of Apis 
mellifera Linnaeus, 1758, which may be due to organ growth. 
Furthermore, Sawarkar & Tembhare (2014) showed that the 
seminal vesicle in Apis cerana indica Fabricius, 1798 has 
secretory activity with high protein content, followed by lipids 
and carbohydrates, which may aid in the storage and survival of 
spermatozoa in the seminal vesicle.
Stage of development
Histochemical tests
Characteristics of seminal vesicle
PAS Nile blue Mercuric bromophenol blue
White-eyed pupae + - +
Lumen enlarged, filled with amorphous content, epithelium high, nucleus 
in the middle portion of the cell, basal region with weakly stained clear 
areas. Carbohydrate storage in the basal region of the epithelium.
Pink-eyed pupae + - +
Lumen enlarged, filled with amorphous content, epithelium high, nucleus 
in the middle portion of the cell, basal region with weakly stained clear 
areas. Basal region of the epithelium with PAS-positive granules. 
Brown-eyed pupae + + +
Lumen enlarged, filled with amorphous content, epithelium high, nucleus 
in the middle portion of the cell, Large clear areas in the basal region of the 
epithelium. High carbohydrate storage in the basal portion, PAS-positive 
granules dispersed in the cell cytoplasm. Lipid droplets of uniform size in 
the apical portion of the epithelium.
Black-eyed pupae + + +
Lumen enlarged, filled with amorphous content, epithelium high, nucleus 
in the middle portion of the cell, basal region with weakly stained clear 
areas. Basal portion of the epithelium strongly PAS-positive. Lipid 
droplets present. Luminal content with carbohydrate.
Newly emerged male + - +
Lumen enlarged, Epithelium high and uniformly stained. Low carbohydrate 
storage in the basal portion of the epithelium. Luminal content with 
carbohydrate.
Sexually mature male - - +
Lumen enlarged, Epithelium cubic uniformly stained, without lipids 
and carbohydrates storage. Luminal content with PAS-positive granules 
associated with spermatozoa bundles.
Table 1. Main characteristics of the seminal vesicle during post-embryonic development of males of Melipona quadrifasciata, by Histochemical 
tests. Test positive (+) and negative (-).
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The histochemical composition of the luminal contents 
of the seminal vesicle of M. quadrifasciata during the pupal 
stages shows a large amount of carbohydrates, low lipid and 
protein contents, which may act in reducing oxidative stress 
during the storage of spermatozoa in the organ. Although 
experimental manipulations suggest multiple mating in M. 
quadrifasciata (Lopes et al., 2003) and microsatellite analyses 
confirm polyandry in M. mondury (Viana et al., 2015), the 
ejaculated material during sperm transfer associated with the 
physical barrier of the chitin-lined organs of the reproductive 
tract in M. quadrifasciata may favor the monarchical behavior 
of this bee, preventing multiple mating. 
The epithelium of the seminal vesicle of M. 
quadrifasciata is polarized during the pupal stage with 
the basal cell region storing neutral carbohydrates and 
glucoconjugates. In addition, the seminal vesicle lumen is 
enlarged in early white-eyed pupae being gradually filled 
by PAS-positive content, whereas in adult males, storage of 
organic compounds in the lumen is reduced. These findings, 
together with similar results among other Meliponini (Dallacqua 
& Cruz-Landim, 2003; Araújop., 2005; Lima et al., 2006), 
suggest that the seminal vesicle plays a dual role in stingless 
bees: in pupae and newly emerged males, it is a secretory 
organ, whereas in sexually mature males, the seminal vesicle 
functions as a spermatozoa storage organ, overlaying the 
absence of male accessory glands in Meliponini.
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